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(57) ABSTRACT \, 

An excimer laser oscillation apparatus comprises a laser 
chamber for storing a laser gas, a pair of electrodes arranged 
in the chamber, and a voltage application circuit for applying 
a voltage to the pair of electrodes to excite the laser gas. A 
fluorine passivation film is formed on an inner surface of 
said laser chamber. The excimer laser apparatus further has 
a circuit for applying a voltage to the pair of electrodes to 
flow a current that exceeds a light-emission threshold value 
between the pair of electrodes while alternately changing a 
flowing direction thereof. And, the pair of electrodes have an 
oxygen content of not more than 10 ppm. 

10 Claims, 12 Drawing Sheets 
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FIG. 3A 





20 








15 








in 






> 


5 






fAGE 


0 










V0L1 


-5 
-10 
-15 
-20 


: \) 

! I I 


1 ' 



0 100 200 300 400 500 600 
TIME (nsec) 

FIG. 3B 



20 




-20 1 1 1 1 1 1 1 

0 100 200 300 400 500 600 

TIME (nsec) 



03/01/2002,. EAST version: 1.02.0008 



U.S. Patent Aug. 28, 2001 Sheet 3 of 12 



US 6,282,221 Bl 



v 

-j 



FIG. 4 



6 18 




FIG. 5 



0 





1" 


.2 

M 


PL1 

1 1 — L 




l . l 



I 1 I I I I 1 

0 100 200 300 400 500 600 

TIME (nsec) 



03/01/2002, EAST version: 1.02.0008 



U.S. Patent Aug. 28, 2001 Sheet 4 of 12 



US 6,282,221 Bl 



H.V. 
o— 



2 

A- 





20 




15 




10 


:> 


5 


LU 
O 


0 


<C 


Li 
o 


-5 


> 






-10 




-15 




-20 



FIG. 6 

4 6 



_ 3 
T 25' 



737" 4 , 



3' 

T 25" 
5" 




.8 



1U 



9 — i JO 




r^10a 

rvi^iob 



77T 



77T 



v 



21 



F/G. 7 



150nsec 



1 50nsec 



1 



TIME (msec) 



03/01/2002, EAST version: 1.02.0008 



U.S. Patent 



Aug. 28, 2001 Sheet 5 of 12 US 6,282,221 Bl 





03/01/2002, EAST Version: 1.02.0008 



U.S. Patent Aug. 28, 2001 Sheet 6 of 12 US 6,282,221 Bl 



FIG. 10 
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FIG. 14 
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FIG. 16A 
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EXCIMER LASER OSCILLATION period of time to work articles. The service life of the 

APPARATUS chamber is an important factor in improving the manufac- 
turing throughput of articles. 

BACKGROUND OF THE INVENTION 

s SUMMARY OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an excimer laser oscilla- The present invention has been made in consideration of 

tion apparatus used in processing various works, and its the above-mentioned technical problems and has as its 

driving method principal object to provide a laser oscillation apparatus 

^ ,f i m J-* " i a \ t which can obtain a desired laser output even after laser 

2. Related Background Art _ . e " escalations are performed for a longer period of time than 
An excimer laser has rece.ved a lot o attention as the one conventiona f apparams . 

and only high-power laser that can oscillate in the ultraviolet . .. ^ . a 

range, and its applications are expected in the electronics, It ■ another object of the present invention to provide a 

^.JLvai ,nrf P „L indiKitrie^ laser oscillation apparatus which is suitable for the manu- 

chemical, and energy industries. semiconductor devices such as photolithography. 

More specifically, the excimer laser is used in processes, is " l r " r ' 

chemical reactions, and the like of metals, resins, glass, According to the present invention, a method of driving 

ceramics, photoresists, semiconductors, and the like. an excimer laser oscillation apparatus which has a laser 

An apparatus that generates an excimer laser beam is chamber for storing a laser gas, a pair of electrodes arranged 

knol T£ excime/laser oscillation apparatus. FIG. 15 in foe chamber, and ^a voltage application circuit or applying 

*~ . c 4 , „. r ~5 , WMratIlc 70 a voltaee to the pair of electrodes to excite the laser gas, is 

shows an example of the arrangement of the chara J rized in P lhat Ae voltage is applied to change the 

A pair of electrodes 54 and 55 are arranged in a laser ^ fa ^ if of electrodes 

chamber 51 for storing a laser gas. A voltage application pMtmiDed perio d. 

circuit for applying a voltage to excite the laser gas is r r t . 

connected to the pair of electrodes 54 and 55. According to the present invention, an excuner laser 

c A v » r\ oscillation apparatus which has a laser chamber tor storing 

A laser gas mixture contaming, e.g., F 2 , Ar, ft, Jfe, ^ ^ and 

^«ta^fiJW»to>f«<=^»«^yd^ avolta |eappLtioncircuitforappl y ingavoltagetothepair 

beam rad.at.on d>scharg.ng or the '*^««c led 1 atoms electrodes to excite the laser gas, is characterized by 

bmd to atoms in the ground or base bottom state to torm 

molecules that can exist in only an excited state. Such comprising. 

molecules are called excimers. Since the excimers are 30 first charge accumulation means for supplying a current in 
unstable, they immediately emit ultraviolet rays and drop to a first direction between the pair of electrodes; and 
the ground state. Such phenomenon is called bond-free second charge accumulation means for supplying a cur- 
transition, and the excimer laser oscillation apparatus ampli- rent in a second direction different from the first direction, 
fies ultraviolet rays obtained by that transition in an optical 

resonator made up of a pair of reflection mirrors and outputs 35 BRIEF DESCRIPTION OF THE DRAWINGS 

a laser beam. FIG 1 is a cnart for explaining the states of currents that 

Since a KrF laser and ArF laser of excimer lasers use flow througn the discharging electrodes of an excimer laser 

highly reactive fluorine gas as a laser gas, the concentration oscillation apparatus according to the present invention; 

of fluorine in the laser chamber that stores the laser gas and 4Q & am &howi a driying drcuit for 

gives discharging energy to the gas drops eventually. In ^ oscillation ms according t0 a pre . 

consideration of this, the voltage supplied to me laser embodiment of the present invention; 

chamber is raised so as to obtain a predetermined output. r . . 

When the predetermined output becomes hard to obtain even FIGS. 3A and 3B are graphs for explaining the charac- 

by such control, oscillation is interrupted, and fluorine gas is teristics of the excimer laser oscillation apparatus according 

refilled 10 lne P referred embodiment of the present invention; 

When oscillation continues, the predetermined laser out- FIG. 4 is a circuit diagram showing a driving circuit for 

put cannot be obtained, even by refilling fluorine, and the an excimer laser oscillation apparatus according to another 

laser chamber must be exchanged in such state. preferred embodiment of the present invention; 

FIG 16A shows an example of a conventional laser 50 FIG. 5 is a graph for explaining the characteristics of the 

oscillation circuit. When a thyralron is used as a switch for excimer laser oscillation apparatus according to the other 

starting oscillations, after ringing components of a capaci- preferred embodiment of the present invention; 

tance C shown in FIG. 16B are produced. In view of this FIG. 6 is a circuit diagram showing a driving circuit for 

problem, the thyratron of the laser oscillation circuit is an excimer laser oscillation apparatus according to still 

replaced by a thyristor as a semiconductor element to 55 another preferred embodiment of the present invention; 

suppress the after ringing components and to prolong the pj^ 7 IS a grap h f or explaining the characteristics of the 

service life of the laser, as shown in FIG. 17A. Note that no excimer laser oscillation apparatus (FIG. 6) according to the 

light emission occurs at a positive C p voltage of +5 to +6 kV omer preferred embodiment of the present invention; 

in FIGS. 16B and 17B since no discharging takes place and nG g {& a c{rai[{ diagfam showirjg anolhe r driving circuit 

no currents flow at that voltage. 6 o of lhe excimer laser oscillation apparatus; 

However, even with this apparatus, as shown in FIG. 18 RG 9 fe a diagram showing stiU anolher driving 

fluorine must be refilled at predetermined periods and ^ ^ osciUation a p paratU s; 

oscillations must be done while raising the applied voltage. ... u »h ^\,-nn 

In other words, fluorine refilling is still required since the FIG. 10 is a circuit diagram showing still another driving 

fluorine concentration decreases as time passes. For this 65 circuit of the excimer laser oscillation apparatus; 

reason, the service life of the laser chamber is not FIG. 11 is a circuit diagram showing still anolher driving 

satisfactory, especially when the laser is used for a long circuit of the excimer laser oscillation apparatus; 
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FIG. 12 is a circuit diagram showing still another driving 
circuit of the excimer laser oscillation apparatus; 

FIG. 13 is a sectional view of a laser chamber; 

FIG. 14 is a view showing an exposure apparatus used in 
the manufacture of semiconductors, which uses the excimer 
laser oscillation apparatus; 

FIG. 15 is a view showing a conventional excimer laser 
oscillation apparatus; 

FIGS. 16Aand 16B are respectively a circuit diagram and 10 
a graph showing a driving circuit and its characteristics of 
the conventional excimer laser oscillation apparatus; 

FIGS. 17A and 17B are respectively a circuit diagram and 
a graph showing a driving circuit and its characteristics of 
the conventional excimer laser oscillation apparatus; and 15 

Fig. 18 is a graph for explaining the service life of the 
conventional excimer laser oscillation apparatus. 

DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENTS 20 

FIG. 1 is a chart for explaining currents flowing between 
a pair of discharging electrodes in a laser chamber of an 
excimer laser oscillation apparatus according to an embodi- 
ment of the present invention. 

In FIG. 1, curve A indicates a state wherein immediately 25 
after a first current i I which has one direction and a current 
value exceeding a light-emission threshold value flows, a 
second current i 2 which has the other direction and a current 
value nearly equal to that of the first current flows. On the 
other hand, curve B in FIG. 1 indicates a state wherein a 30 
predetermined period INT after the first current ij flows in 
one direction, the second current i 2 which has the other 
direction and a current value nearly equal to that of the first 
current flows. A laser beam is generated in accordance with 
these currents i t and i 2 35 

The arrangement of a driving circuit for applying a 
voltage so that the directions of currents that flow between 
the pair of discharging electrodes change at predetermined 
periods will be explained below. ^ 

FIG. 2 is a circuit diagram of a laser oscillation apparatus 
according to the preferred embodiment of the present inven- 
tion. The circuit shown in FIG. 2 has a high-voltage power 
source 1 that can generate a voltage as high as about 1 kV, 
a charging resistor 2, a capacitor 3 for accumulating charges, 45 
a magnetic switch 4 for narrowing the pulse width, and a 
thyristor 5 that receives a trigger signal for starting laser 
oscillations. The power source 1, resistor 2, capacitor 3, 
magnetic switch 4, and thyristor 5 constitute a primary coil 
circuit of a transformer 6. The turn ratio of the transformer 5Q 
6 is, e.g., 1:20, and the primary and secondary coil sides 
have opposite turn directions. Identical circuits each includ- 
ing the capacitor 3 and the magnetic switch 4 may be 
connected in multiple stages to further narrow the pulse 
width. 55 

At the secondary coil side of the transformer 6, capacitors 
8, 9, and C pJ and a magnetic switch 7 are connected. A circuit 
16 including the capacitors 8, 9, and C^, and the magnetic 
switch 7 is connected to discharging electrodes 10a and 10b 
in a laser chamber 10. A pre- ionizer 11 is used for stably 60 
causing discharging. 

The characteristic feature of this embodiment lies in a 
circuit 17 made up of a spark gap 12, a capacitor C ( , a coil 
13, a resistor 14, and a high-voltage power source 15. 

FIGS. 3 A and 3B show the voltage waveform across the 65 
two terminals of the capacitor in a laser oscillation circuit 
having no circuit 17 (FIG. 3 A), and the voltage waveform 
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across the two terminals of the capacitor C,, in the laser 
oscillation circuit having the circuit 17 according to this 
embodiment (FIG. 3B). 

The operation of the laser oscillation apparatus according 
to the embodiment of the present invention will be described 
below with reference to FIG. 2 and FIGS. 3A and 3B. 

First, the charge accumulation capacitor 3 is charged up to 
1 kV using the high- voltage power source 1. The charge 
accumulation capacitor C, is charged up to 15 kV using the 
high- voltage power source 15. Thereafter, when a trigger 
signal is input to the thyristor 5 to enable it, the charge stored 
on the capacitor 3 is discharged. At that time, a pulse voltage 
of about -15 kV is applied across the two terminals of the 
capacitor 8 located at the secondary coil side of the transistor 
6. 

On the other hand, a voltage whose pulse width is 
shortened to about 150 ns by the magnetic switch 7 appears 
across the two terminals of the capacitor C p . When the 
voltage applied across the two terminals of the capacitor C p 
changes from -15 kV to 0 V , the pre -ionizer 11 starts 
discharging and produces free electrons having a density of 
about 10 6 to 10 7 cm" 3 in the laser chamber. 

Thereafter, uniform discharging takes places between the 
discharging electrodes 10a and 10b, thus oscillating a laser 
beam. When no circuit 17 is arranged, the voltage rises from 
-15 kV to only 0 V, as shown in FIG. 3 A, but when the 
circuit 17 is arranged, the voltage rises up to +15 kV, as 
shown in FIG. 3B. 

The operation at that time will be explained below. 

When the voltage applied across the two terminals of the 
capacitor C p has changed abruptly, most high-frequency 
voltage components are applied to the coil 13. This is 
because the impedance of the coil 13 is set to be higher than 
that of the resistor 14. When a large voltage is applied across 
the two terminals of the coil 13, the spark gap 12 sparks and 
is conducted. With this operation, the charge on the capacitor 
C t is discharged, and the voltage applied between the 
discharging electrodes 10a and 10b rises up to about 15 kV. 
At this time, discharging takes places between the discharg- . 
ing electrodes 10a and 10£, and currents flow in the reverse 
direction, at that time. If the currents flowing at that time are 
designed to exceed the light-emission threshold value, light 
emission can be obtained. 

As described above, since the present invention comprises 
the circuit 17, the following effects are expected as com- 
pared to the apparatus without any circuit 17. 

Since positive and negative currents alternately flow, the 
upper and lower discharging electrodes deteriorate 
symmetrically, and deterioration of the electrodes can be 
suppressed as compared to the conventional apparatus. As a 
consequence, the service life with respect to a given laser 
output amount can be doubled or more. Also, the laser output 
amount per unit time can be approximately doubled. 

FIG. 4 is a circuit diagram of a laser oscillation apparatus 
according to another preferred embodiment of the present 
invention. The difference from the circuit shown in FIG, 2 
is that a circuit 18 is arranged in place of the circuit 17. The 
circuit 18 has a coil 19, a capacitor C /f and a resistor 20. FIG. 
5 shows the voltage waveform across the two terminals of 
the capacitor C p in the laser oscillation circuit having the 
circuit 18 according to the present invention. 

The operation of the laser oscillation apparatus of the 
present invention will be described below with reference to 
FIGS. 4 and 5. 

In the same manner as in the case using the circuit 
arrangement shown in FIG. 2, the charge accumulation 
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capacitor 3 is charged up to 1 kV using the high-voltage about 10* to f in to vico^ of the discharging 

power source 1. hereafter, when a trigger signal is input to electrodes m the laser chamber. 

the ihyristor 5 to enable it, the charge that has been built up Thereafter, uniform discharging takes places between the 

on the capacitor 3 is discharged. At that time, a pulse voltage discharging electrodes 10a and 106, thus oscillating a laser 

of about -15 kV is applied across the two terminals of the 5 beam. Subsequently, the charge accumulation capacitors 3 

capacitor 8. and 3' from which charges are removed by discharging are 

On the other hand, a voltage whose pulse width is charged up to 1 kV within 1 ms using the high-voltage power 

shortened to about 150 ns by the magnetic switch 7 appears source 1. After an elapse of a predetermined interval, when 

across the two terminals of the capacitor C p . When the a trigger signal is input in turn to the thynstor 5' to enable 

voltage applied across the two terminals of the capacitor 10 it, the charge on the capacitor 3 is discharged. At that time, 

changes from -15 kV to 0 V, the pre-ionizer 11 starts a pulse voltage of about +15 kV is applied across the two 

discharging and produces free electrons having a density of terminals of the capacitor 8. 

about 10 e to 10 7 cm -3 in the laser chamber. Also, a voltage whose pulse width is shortened to about 

Thereafter, uniform discharging takes place between the 150 ns by the magnetic switch 7 appears across the two 

discharging electrodes 10a and IQb, thus oscillating a laser 15 terminals of the capacitor C p , as shown in FIG. 7, thus 

beam. When no circuit 18 is arranged, the voltage rises from oscillating a laser beam. Likewise, when trigger signals are 

-15 kV to only 0 V, as shown in FIG. 3 A, but when the alternately input to the thyristors 5 and 5' at 1-ms intervals, 

circuit 18 is arranged, the voltage attenuates while alter- pulse voltages shown in FIG. 7 can be generated across the 

nately changing its sign between positive and negative signs, two terminals of the capacitor C p 

as shown in FIG. 5. This is because oscillations are caused 20 N ot e that by adding the circuit 21, the withstand voltage 

by the circuit 18 when the voltage applied across the two 0 f the thyristors 5 and 5' becomes twice that required when 

terminals of the capacitor C p has changed abruptly. The no circuit 21 is arranged, i.e., a withstand voltage of at least 

oscillation frequency can be determined by the coil 19, the 2 kV is required in this case. 

capacitor C,, and the resistor 20. ^ As described above, since the present invention comprises 

At that time, only pulses PL1 and PL2 are preferably t he circuit 21 including the elements 3', 4', and 5\ the 

designed to exceed the light-emission threshold value. following effects are expected as compared to the apparatus 

As described above, since the present invention comprises without any circuit 21. Since positive and negative currents 

the circuit 18, the following effects are expected as com- alternately flow, the upper and lower discharging electrodes 

pared to the apparatus without any circuit 18. Since positive 3Q deteriorate symmetrically, and deterioration of the elec- 

and negative currents alternately flow, the upper and lower trodes can be suppressed as compared to the conventional 

discharging electrodes deteriorate symmetrically, and dete- apparatus. As a consequence, the service life with respect to 

rioration of the electrodes can be suppressed as compared to a given laser output amount can be doubled or more, 

the conventional apparatus. As a consequence, the service pjc. 8 is a circuit diagram of a laser oscillation apparatus 

life with respect to a given laser output amount can be ^ acc0 rding to still another embodiment of the present inven- 

doubled or more. Also, the laser output amount per unit time t j on difference from the circuit shown in FIG. 6 is that 

can be approximately doubled. two transistors 23' and two resistors 2' are parallelly 

FIG. 6 is a circuit diagram of a laser oscillation apparatus arranged, 

according to still another embodiment of the present inven- j^e voltage waveform across the two terminals of the 

tion. The difference from the circuit shown in FIG. 4 is that 4Q ca p ac jt 0 r C p in the laser oscillation circuit in FIG. 8 is the 

a circuit 21 is arranged on the primary side of the trans- same ^ tnat s h 0 wn in FIG. 7. 

former 6 in place of the circuit 18. The circuit 21 has the When & higfa pQwer sourcc voltage is selectively supplied 

same arrangement (3', 4', 5', and 25') as that including the ^ me capacitor 3 by turning on one of the two transistors 23 

capacitor 3, the magnetic switch 4, the thyristor 5, and a aQd mrning off the olher lrans istor 23, the direction of the 

primary coil 25 of the transformer. The only difference 45 voUage appUed tQ lhe discQargmg electrodes is selected, 

between these two arrangements is that the coils 25 and 25' ^ 9 ^ & diagram Qf a ^ osciUation ^p^tus 

have different turn directions. according to still another embodiment of the present inven- 

FIG. 7 shows the voltage waveform across the capacitor ^ diffefeDce from lhe circuit shown io na 4 & tha t 

C p in the laser osciUation circuit having the circuit 21 a ^ ^ a pair of thyrislors 2 7 which are connected 
according to the present invention. 50 to terminals having opposite polarities to each other are 

The operation of the laser oscillation apparatus accordmg arrange d. 

to the embodiment of the present invention will be described ^ waveform across lhe two terminals of the 

below with reference to FIGS. 6 and 7. capacitor C in the laser oscillation circuit in FIG. 9 is the 

In the same manner as in the case using the circuit same ag ^ shQwn in FIG ? 

arrangement shown in FIG. 2 the charge accumulation 55 e primary coil can be used, and the direction of the 

capacitors 3 and 3" are charged up to 1 kV using the rgin * vo u age "to be supplied to the capacitor 3 can be 

high-yoltage power source 1. Thereafter when a trigger ^JJ b ^ swilch 26 

signal is input to the thyristor 5 to enable it, the charges J . 

accumulated on .he capacitors 3 and 3' arc discharged. At ^IO . 10 is a circuit diagram of a laser osciUation appar a us 
that time, a pulse voltage of about -15 kV is applied across 60 according to still another embodiment of the present mven- 

the two terminals of the capacitor 8. .The difference from the circuit shown ,n FIG. 4 is that 

Also, a voltage whose pulse width is shortened to about a switch 28 is arranged. 

150 ns by the magnetic switch 7 appears across the two The voltage waveform across the two terminals of he 

terminals of the capacitor C„ as shown in FIG. 7. When the capacitor C„ m the laser oscillation circuit in FIG. 10 is the 
voltage applied across the two terminals of the capacitor C, 65 same as that shown in FIG. 7. 

changes from -15 kV to 0 V, the pre-ionizer 11 starts In the embodiment shown in FIG. 9, the direction of the 

discharging and produces free electrons having a density of charging voltage is changed, while in the embodiment 
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shown in FIG. 10, the direction of currents flowing from the 
capacitor 3 toward the primary coil is changed by the switch 
28. 

FIG. 11 is a circuit diagram of a laser oscillation apparatus 
according to still another embodiment of the present inven- 5 
tion. The voltage waveform across the two terminals of the 
capacitor C p in the laser oscillation circuit in FIG. 11 is the 
same as that shown in FIG. 7. The operation of the laser 
oscillation apparatus of the present invention will be 
described below with reference to FIG. 11. 10 

Capacitors 31a and 316 are charged by the high-voltage 
power source 1. When a thyratron 306 is turned on, the 
capacitor 31b is discharged to charge the capacitor C p . When 
this voltage has reached a threshold value, discharging takes 
place at the discharging electrodes of the laser, thus gener- 15 
ating laser pulses. Subsequently, when the other thyratron 
30a is turned on, the capacitor 31a is discharged to charge 
the capacitor C p in the opposite polarity, thus reversing the 
direction of the voltage to be applied to the discharging 
electrodes of the laser. 20 

FIG. 12 is a circuit diagram of a laser oscillation apparatus 
according to still another embodiment of the present inven- 
tion. In this arrangement, the thyratrons 30a and 30b in FIG. 
11 are replaced by a series circuit of tbyristors 34a and 34b. 

The voltage waveform across the two terminals of the 
capacitor C p in the laser oscillation circuit in FIG. 12 is the 
same as that shown in FIG. 7. 

This embodiment uses a switch whose withstand voltage 
is improved using the thyristors 34a and 34b as semicon- 30 
ductor elements, which are connected in series with each 
other, in place of the thyratrons 30a and 30b in FIG. 11. 

FIG. 13 is a sectional view showing the arrangement of a 
laser chamber for a laser oscillation apparatus according to 
the present invention, which has been described in the above 35 
embodiments. 

A laser chamber 60 has, as its main constituting members, 
chamber walls 61 and 62 that define a reaction chamber, a 
blower 63 for forming a gas flow for supplying a laser gas 
between the pair electrodes 10a and 106, and a heat 40 
exchanger 64 for maintaining the laser gas at a predeter- 
mined temperature by cooling it. 

A dust filter 65 communicates with the interior of the 
chamber 60 via a dust port 66, and collects unwanted 
products produced by discharging. 4 * 

A seal ring 67 provides a hermetic seal between the upper 
and lower chamber walls 61 and 62. 

Furthermore, the laser chamber 60 has electrode support 
members 68 and 69 for supporting the electrodes 10a and 
106, insulators 70 and 73, a terminal 74 connected to the 50 
electrode 10a, and seal rings 71 and 72. 

In the present invention, a fluorine passivation film FPF1 
is preferably formed on the inner surface of the chamber, i.e., 
on the inner surfaces of the chamber walls 61 and 62, and 55 
fluorine passivation films FPF2 and FPF3 are preferably also 
formed on the surfaces of the blower 63 and the heat 
exchanger 64. 

More preferably, a fluorine passivation film FPF4 is also 
formed on the outer surfaces of the electrode support mem- 60 
bers 68 and 69 except for their electrical contact portions. 

As the fluorine passivation films (FPF1 to FPF4), nickel 
fluoride, aluminum fluoride, magnesium fluoride, alumina, 
and the like are preferably used. 

Furthermore, as the pair of electrodes 10a and 106, a 65 
metal whose oxygen content is set at 10 ppm or less is 
preferably used so that their shapes do not deform by 
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fluorinating reaction and sputtering caused by discharging. 
Especially, a nickel alloy that contains nickel (Ni) as a major 
component, and also contains 1 weight % to 20 weight % of 
iron (Fe), chromium (Cr), and aluminum (Al) is preferably 

used. 

As the insulator 70, calcium fluoride, magnesium fluoride, 
alumina, and the like with high fluorine resistance are 
preferably used. 

The laser oscillation apparatus according to the present 
invention is preferably applied to apparatuses for bole 
forming processes in resin members, annealing of semicon- 
ductor members, formation of micropattem latent images by 
exposing photoresists, and the like. 

An example of the hole forming processes on articles is 
that of ink-jet nozzles (ink ejection orifices) of ink-jet 
printers, and an example of annealing is a crystallization 
treatment of amorphous semiconductors on glass substrates. 

Such apparatus comprises a support means for supporting 
a work, and an optical system for irradiating an excimer 
laser beam onto the work. 

An example of the apparatus will be explained below with 
reference to FIG. 14. 

FIG. 14 shows an exposure apparatus using the excimer 
laser oscillation apparatus according to the present 
invention, which has been described in the above embodi- 
ments. 

Light output from an oscillation apparatus 100 is con- 
verted into a coherent laser beam by an oscillator made up 
of a pair of mirrors 101 and 102, and the laser beam is guided 
toward a scanning optical system via a mirror 103 and lenses 
104 and 105. 

The scanning optical system has a scanning lens 107, and 
a scanning mirror 106 whose angle is variable. Light output 
from the scanning optical system is irradiated onto a reticle 
109 having a mask pattern via a condenser lens 108. The 
arrangement of an illumination optical system of the expo- 
sure apparatus has been described. 

Light having a density distribution corresponding to the 
predetermined mask pattern on the reticle 106 is imaged on 
the surface of a wafer HI placed on a stage 112 by an 
imaging optical system having an objective lens U0, and a 
latent image corresponding to the mask pattern is formed on 
a photosensitive resist on the surface of the wafer 111. 

As described above, the exposure apparatus shown in 
FIG. 14 can be constituted by the excimer laser oscillation 
apparatus 100, the illumination optical system, the imaging 
optical system, and the stage 112 that holds the wafer HI. 

According to the apparatuses shown in FIGS. 2, 4, 6, 8, 
9, and 10, one of the pair of electrodes can be held at a 
reference potential. That is, since the laser chamber can be 
connected to ground, it is easy to set the laser oscillation 
apparatus. 

In the apparatuses shown in FIGS. 2 and 4, since one 
thyristor alone as a semiconductor switch element need only 
be used, the cost of the circuit can be reduced. 

In the apparatuses shown in FIGS. 6, 8, 9, and 10, since 
the polarity of the voltage is changed at the primary side of 
the transformer, the switch element need not have a high 
withstand voltage. 

When the exposed surfaces of the chamber inner surface 
are protected by fluorine passivation films, consumption of 
fluorine can be suppressed. 

Furthermore, when the oxygen content of the electrodes is 
set at 10 ppm or less and, preferably, 1 ppm or less, the 
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electrodes are hardly fluorinated, and the electrodes can be 
prevented from deforming upon sputtering of the fluoride on 
the electrode surface. 

As described above, according to the present invention, 
the service life of the laser chamber can be prolonged. That 
is, the refilling period of fluorine gas can be extended, and 
a desired output can be obtained for a long period of time by 
adjusting the applied voltage alone. 

What is claimed is: 

1. An excimer laser oscillation apparatus comprising: 
a laser chamber for storing a laser gas; 
a pair of electrodes disposed in said chamber, said pair of 

electrodes being composed of a metallic material hav- 
ing an oxygen content not more than 10 ppm; and 

a voltage application circuit for applying a voltage to said 
pair of electrodes to excite the laser gas, 

wherein said pair of electrodes are connected to a sec- 
ondary side of a transformer, 

a polarity changing circuit for changing a polarity of an 
induction voltage at a predetermined period is con- 
nected to a primary side of the transformer, 

the polarity of the voltage applied across said pair of 
electrodes is changed by the polarity changing circuit at 
the predetermined period, and 

the polarity changing circuit includes coils having differ- 
ent turn directions. 

2. An excimer laser oscillation apparatus comprising: 
a laser chamber for storing a laser gas; 
a pair of electrodes disposed in said chamber, said pair of 

electrodes being composed of a metallic material hav- 
ing an oxygen content not more than 10 ppm; and 

a voltage application circuit for applying a voltage to said 
pair of electrodes to excite the laser gas, 

wherein said pair of electrodes are connected to a sec- 
ondary side of a transformer, 

a polarity changing circuit for changing a polarity of an 
induction voltage at a predetermined period is con- 
nected to a primary side of the transformer, 

the polarity of the voltage applied across said pair of 
electrodes is changed by the polarity changing circuit at 
the predetermined period, and 

the polarity changing circuit includes coils having differ- 
ent turn directions, and a switch. 

3. An excimer laser oscillation apparatus comprising: 
a laser chamber for storing a laser gas; 
a pair of electrodes disposed in said chamber, said pair of 

electrodes being composed of a metallic material hav- 
ing an oxygen content not more than 10 ppm; and 

a voltage application circuit for applying a voltage to said 
pair of electrodes to excite the laser gas, 

wherein said pair of electrodes are connected to a sec- 
ondary side of a transformer, 

a polarity changing circuit for changing a polarity of an 
induction voltage at a predetermined period is con- 
nected to a primary side of the transformer, 

the polarity of the voltage applied across said pair of 
electrodes is chanced by the polarity changing circuit at 
the predetermined period, and 

the polarity changing circuit includes a pair of thyristors 
connected in opposite directions. 

4. An excimer laser oscillation apparatus comprising: 
a laser chamber for storing a laser gas; 

a pair of electrodes disposed in said chamber, said pair of 65 
electrodes being composed of a metallic material hav- 
ing an oxygen content not more than 10 ppm; and 



20 



25 



30 



35 



40 



45 



55 



60 



a voltage application circuit for applying a voltage to said 
pair of electrodes to excite the laser gas, 

wherein said pair of electrodes are connected to a sec- 
ondary side of a transformer, 

a polarity changing circuit for changing a polarity of an 
induction voltage at a predetermined period is con- 
nected to a primary side of the transformer, 

the polarity of the voltage applied across said pair of 
electrodes is changed by the polarity changing circuit at 
the predetermined period, and 

the polarity changing circuit includes a switch for apply- 
ing a voltage having an opposite polarity to a coil on the 
primary side. 

5. An excimer laser oscillation apparatus comprising: 
a laser chamber for storing a laser gas; 

a pair of electrodes disposed in said chamber, said pair of 
electrodes being composed of a metallic material hav- 
ing an oxygen content not more than 10 ppm; and 

a voltage application circuit for applying a voltage to said 
pair of electrodes to excite the laser gas, 

wherein said pair of electrodes are connected to a sec- 
ondary side of a transformer, 

a polarity changing circuit for changing a polarity of an 
induction voltage at a predetermined period is con- 
nected to a primary side of the transformer, 

the polarity of the voltage applied across said pair of 
electrodes is changed by the polarity changing circuit at 
the predetermined period, and 

a circuit for compressing a pulse width of a charging/ 
discharging voltage is connected to the secondary side 
of the transformer. 

6. An excimer laser oscillation apparatus comprising: 
a laser chamber for storing a laser gas; 

a pair of electrodes disposed in said chamber, said pair of 
electrodes being composed of a metallic material; and 

a voltage application circuit for applying a voltage to said 
pair of electrodes to excite the laser gas, 

wherein said pair of electrodes are connected to a sec- 
ondary side of a transformer, 

a polarity changing circuit for changing a polarity of an 
induction voltage at a predetermined period is con- 
nected to a primary side of the transformer, 

the polarity of the voltage applied across said pair of 
electrodes is changed by the polarity changing circuit at 
the predetermined period, and 

the polarity changing circuit includes coils having differ- 
ent turn directions, 

7. An excimer laser oscillation apparatus comprising: 
a laser chamber for storing a laser gas; 

a pair of electrodes disposed in said chamber, said pair of 
electrodes being composed of a metallic material; and 

a voltage application circuit for applying a voltage to said 
pair of electrodes to excite the laser gas, 

wherein said pair of electrodes are connected to a sec- 
ondary side of a transformer, 

a polarity changing circuit for changing a polarity of an 
induction voltage at a predetermined period is con- 
nected to a primary side of the transformer, 

the polarity of the voltage applied across said pair of 
electrodes is changed by the polarity changing circuit at 
the predetermined period, and 

the polarity changing circuit includes coils having differ- 
ent turn directions, and a switch. 
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8. An excimer laser oscillation apparatus comprising: 
a laser chamber for storing a laser gas; 

a pair of electrodes disposed in said chamber, said pair of 
electrodes being composed of a metallic material; and 

a voltage application circuit for applying a voltage to said 
pair of electrodes to excite the laser gas, 

wherein said pair of electrodes are connected to a sec- 
ondary side of a transformer, 

a polarity changing circuit for changing a polarity of an 10 
induction voltage at a predetermined period is con- 
nected to a primary side of the transformer, 

the polarity of the voltage applied across said pair of 
electrodes is changed by the polarity changing circuit at 
the predetermined period, and 15 

the polarity changing circuit includes a pair of thyristors 
connected in opposite directions. 

9. An excimer laser oscillation apparatus comprising: 

a laser chamber for storing a laser gas; 2Q 

a pair of electrodes disposed in said chamber, said pair of 
electrodes being composed of a metallic material; and 

a voltage application circuit for applying a voltage to said 
pair of electrodes to excite the laser gas, 

wherein said pair of electrodes are connected to a sec- 25 
ondary side of a transformer, 

a polarity changing circuit for changing a polarity of an 
induction voltage at a predetermined period is con- 
nected to a primary side of the transformer, 
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the polarity of the voltage applied across said pair of 
electrodes is changed by the polarity changing circuit at 
the predetermined period, and 

the polarity changing circuit includes a switch for apply- 
ing a voltage having an opposite polarity to a coil on the 
primary side. 

10. An excimer laser oscillation apparatus comprising: 

a laser chamber for storing a laser gas; 

a pair of electrodes disposed in said chamber, said pair of 
electrodes being composed of a metallic material; and 

a voltage application circuit for applying a voltage to said 
pair of electrodes to excite the laser gas, 

wherein said pair of electrodes are connected to a sec- 
ondary side of a transformer, 

a polarity changing circuit for changing a polarity of an 
induction voltage at a predetermined period is con- 
nected to a primary side of the transformer, 

the polarity of the voltage applied across said pair of 
electrodes is changed by the polarity changing circuit at 
the predetermined period, and 

a circuit for compressing a pulse width of a charging/ 
discharging voltage is connected to the secondary side 
of the transformer. 
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